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Description

1. FIELD OF THE INVENTION

[0001] This invention relates to applications of DNA fingerprinting and the use of DNA markers in a number of different
fields including, but not limited to, plant and animal breeding, variety or cultivar identification, diagnostic medicine, dis-
ease diagnosis in animals and plants, identification of genetically inherited diseases in humans, family relationship
analysis, forensic analysis, and microbial typing.
[0002] More specifically, this invention relates to methods for DNA fingerprinting and for detecting specific DNA mark-
ers in genomes ranging from microorganisms tohigher plants, animals and humans. The invention also relates to syn-
thetic DNA molecules and products based thereon which are used in the methods of the invention in the different fields
of application.

2. BACKGROUND OF THE INVENTION

2.1. DNA fingerprinting

[0003] DNA fingerprinting or DNA typing, as well as other methods of genotyping, profiling and DNA identification
analysis, refer to the characterization of either similarities or one or more distinctive features in the genetic make up or
genome of an individual, a variety or race, or a species. The general rule is that the closer the genetic relationship is,
the greater the identity or more appropriate the similarity of genomes, and consequently distinctive features in the
genome will be rarer. These similar or distinctive features can be revealed by analyzing the DNA of an organism after
clearing the DNA with a restriction endonuclease. Restriction endonucleases are enzymes which recognize short
nucleotide sequences, usually 4 to 8 bases in length and cleave the two DNA strands, thereby producing fragments of
DNA of discrete length. Because of their high degree of sequence specificity, restriction endonucleases will cleave DNA
molecules in a very specific fashion. The resultis that a reproducible set of DNA fragments will be produced. DNA frag-
ments can be fractionated according to their length on porous matrices, or gels, yielding typical banding patterns, which
constitutes a DNA fingerprint of the organism's genetic makeup.

2.2. DNA polymorphisms

[0004] When the fingerprints of very closely related species, varieties or races are compared, the DNA fingerprints
can be identical or very similar. When differences are observed within otherwise identicalDNA fingerprints, such differ-
ences are referred to as DNA polymorphisms: these are new DNA fragments which appear in a fingerprint. The DNA
is said to be polymorphic at that position and the novel DNA fragment can be used as a DNA marker. DNA polymor-
phisms detected in DNA fingerprints obtained by restriction enzyme cleavage can result from any of the following alter-
ations in the DNA sequence: mutations abolishing the restriction endonuclease target site, mutations creating new
target sites, insertions, deletions or inversions between the two restriction sites.
[0005] Such DNA polymorphisms are generally referred to as RFLP, Restriction Fragment Length Polymorphisms.
Such mutational changes will behave as bona fide genetic markers when they are inherited in a mendelian fashion.
Consequently, DNA polymorphisms can be used as genetic markers in much the same way as other genetic markers:
in parentage analysis, in genetic studies on the inheritance of traits, in the identification of individuals.

2.3. DNA fingerprinting techniques

[0006] For almost all living organisms, except virusses, restriction digests of the total genomic DNA of the organisms
yield so many bands that it is not possible to score individual bands. Therefore, all methods for DNA fingerpinting are
based on the principle that only a small fraction of the DNA fragments are visualized so as to yield a simple banding
pattern which constitutes the DNA fingerprint.
[0007] The most widely utilized method involves digesting the DNA of the organism with restriction endonucleases,
fractionating the restriction fragments by gel electrophoresis, transferring and binding the fractionated DNA fragments
onto membranes and hybridizing the membrane with a specific DNA fragment ("probe"). The DNA fragment will form
double-stranded DNA molecules with the DNA fragment (or fragments) on the membrane which has (have) comple-
mentary nucleotide sequences. When the probe is tagged with a visualizable marker, the DNA fragment to which the
probe is attached can be visualized. This procedure is generally referred to as "Southern hybridization". When differ-
ences are observed in the sizes of the corresponding restriction fragments to which the probe attaches in closely
related genomic DNA molecules, these differences are referred to as DNA polymorphisms, more specifically restriction
fragment length polymorphisms. The restriction fragment length differences correspond to the different allelic forms of
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the genetic locus recognized by the DNA probe. Although the Southern hybridization method for DNA fingerprinting has
been widely used, the method is laborious and time consuming.

[0008] Furthermore, the method has a low resolution and can thus only be used to score single loci or a few loci at
most in a single reaction.

2.4. Polymerase chain reaction

[0009] The Polymerase Chain Reaction (PCR) technique is a method for synthesizing specific DNA fragments in vitro.
The method relies on the use of specific oligonucleotides which will attach to unique sequences on a DNA molecule
and a thermostable DNA polymerase. The oligonucleotides are designed in such a way that they can anneal to the
opposite strands of the DNA and serve as primers in a DNA synthesis reaction in such a way that each will direct the
synthesis of new DNA strands. Hence, in one round of synthesis a complete copy of the DNA molecule between the
primers will be made, so that the DNA between the primers is duplicated. Each round of DNA synthesis results in the
doubling of the amount of DNA, hence leading to the amplification of the DNA comprised between the two primers. Con-
sequently, the PCR technique allows one to synthesize a precise DNA segment using a small amount of "substrate
DNA".

3. SUMMARY OF THE INVENTION

[0010] In the present invention we have devised a new method to amplify, with the PCR method, restriction fragments
obtained after cleaving the DNA of an organism with at least one restriction enzyme. In this novel application of the PCR
method the oligonucleotides used are not directed against a known DNA sequence but are designed such that they rec-
ognize the ends of the restriction fragments. To this end it is necessary to modify the ends of the restriction fragments
by adding oligonucleotide linkers (or adaptors) to the ends. The reason for this is that the ends of restriction enzymes
have only usually few nucleotides in commun, i.e. 2 to 8 nucleotides, too short to be used to design primers for PCR
amplification.
[0011] The invention is based on the use of a novelapplication of polymerase chain reaction technique (PCR) for
amplifying one or more restriction fragments from complex mixtures of DNA fragments obtained by digesting genomic
DNA molecules with restriction endonucleases. One particular advantage of the invention is to enable the amplification
of DNA restriction fragments in situations where the nucleotidic sequence of the 5' and 3' ends of the restriction frag-
ments are not determined. In such cases the usual sequence specific primers hybridizing to each strand of a restriction
fragment to be amplified can not be defined and therefore one cannot use the methods known in the art for amplification
purposes.
[0012] The method of the invention can be used for instance in two different ways, leading to two different types of
applications:

(1) Methods for DNA fingerprinting of genomes by randomly selecting subsets of one or more restriction fragments
to be amplified by the PCR technique. The invention also covers synthetic oligonucleotides for use in said methods
and some applications of said methods can be forensic typing, microbial identification, varietal identification, pedi-
gree analysis and screening of DNA markers linked to genetic traits;
(2) Methods for identifying one or more preselected DNA fragments which can be polymorphic, by PCR amplifica-
tion. The invention also covers specific synthetic oligonucleotides for use in said methods and some applications of
said methods can be the screening of genetically inherited diseases in humans, monitoring the inheritance of agro-
nomic traits in plant and animal breeding and the detection of infections agents in diseases.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1 provides a graphic outline for the general method of PCR amplification of tagged restriction fragments
obtained by digesting genomic DNA molecules with a restriction enzyme.
Figure 2 depicts the ligation of adaptors to different ends of restriction fragments: flush ends and staggered ends.
Figure 3 depicts the PCR amplification of tagged restriction fragments. The boxed areas depict the adaptors which
are ligated to the restriction fragment, and the primers which are used in the PCR amplification. The arrows indicate
the direction of DNA synthesis.
Figure 4 provides a graphic outline for the PCR amplification of tagged restriction fragments.
Figure 5 shows the general design of the selective primers used in the PCR amplification of tagged restriction frag-
ments. The arrows denote the inverted repeat sequences at the ends of the restriction fragments. The selectivity
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of the primers is illustrated in two examples where there is respectively a perfect match and a total mismatch
between the selective base sequence and that of the restriction fragment template DNA.

Figure 6 shows the principle of selective PCR amplification using a PCR primer which selects template DNA mol-
ecules having a trinucleotide sequence adjacent to the adaptor sequence.
Figure 7 depicts the selective PCR amplification of tagged restriction fragments.
Figure 8 shows the principle of fragment specific amplification using a combination of two PCR primers each com-
prising 6 selective bases. Each primer forms a double-stranded structure in the different strand of the restriction
fragment and thereby forms a primer/template complex from which DNA synthesis can be initiated (represented by
the arrows).
Figure 9 depicts the general sequence elements which are recognized with the method of selective restriction frag-
ment amplification, including the two nucleotide sequences which are recognized and the distance separating the
two sequences.
Figure 10 depicts the types of nucleotide sequence variations which are detected in the method of identifying ampli-
fied fragment length polymorphisms.
Figure 11 shows a 1,0% agarose gel with the analysis of the results of the amplification of Tomato DNA restricted
with PstI, using primers of increasing selectivity.
Figure 12 shows a 1,0% agarose gel with the analysis of the results of specific amplification of 3 different PstI frag-
ments of Tomato DNA using fragment specific primers.
Figure 13 shows a 2,5% polyacrylamide/1% agarose gel with DNA fingerprints obtained by Selective Restriction
Fragment Amplification of two Tomato lines.
Figure 14 shows part of a 4,5% denaturing polyacrylamide gel with DNA fingerprints of 4 Tomato lines using SRFA
with the enzyme combination PstI/MseI.
Figure 15 shows part of a 4,5% denaturing polyacrylamide gel with DNA fingerprints of 10 Lactuca lines using
SRFA with the enzyme combination PstI/MseI.
Figure 16 shows part of a 4,5% denaturing polyacrylamide gel with DNA fingerprints of 2 Corn lines using SRFA
with the enzyme combinations PstI/TagI and EcoRI/TagI.
Figure 17 shows part of a 4,5% denaturing polyacrylamide gel with DNA fingerprints of 26 Xanthomonas campes-
tris strains using SRFA with the enzyme combination ApaI/TagI.
Figure 18 shows part of a 4,5% denaturing polyacrylamide gel with DNA fingerprints of different individuals of 4
domestic animals Chicken, Pig, Cow and Horse using SRFA with the enzyme combination SseI/MseI.

5. DETAILED DESCRIPTION OF THE INVENTION

5.1. Definitions

[0014] In the description and examples that follow, a number of terms are used herein. In order to provide a clear and
consistent understanding of the specification and claims, including the scope to be given such terms, the following def-
initions are provided.

- Restriction Endonuclease: a restriction endonuclease or restriction enzyme is an enzyme that recognizes a specific
base sequence (target site) in a double-stranded DNA molecule, and will cleave bothstrands of the DNA molecule
at every target site.

- Restriction Fragments: the DNA molecules produced by digestion with a restriction endonuclease are referred to
as restriction fragments. Any given genome will be digested by a particular restriction endonuclease into a discrete
set of restriction fragments. The DNA fragments that result from restriction endonuclease cleavage are separated
and detected by gel electrophoresis.

- Restriction Fragment Length Polymorphism (RFLP): the genomic DNA of two closely related organisms, for exam-
ple, will exhibit differences in their nucleotide sequence composition at many sites. When these differences occur
in the target site for a restriction endonuclease, the modified target site will not be cleaved at that point. Likewise,
a nucleotide sequence variation may introduce a novel target site where non exists in the other organism, causing
the DNA to be cut by the restriction enzyme at that point. Alternatively, insertions or deletions of nucleotides occur-
ring in one organism between two target sites for a restriction endonuclease will modify the distance between those
target sites. Because of this, digestion of the two organism's DNA will produce restriction fragments having different
lengths. A polymorphism in the length of restriction fragments produced by digestion of the DNA of the two organ-
isms will result.

- Gel Electrophoresis: To detect restriction fragments, ananalytical method for fractioning double-stranded DNA mol-
ecules on the basis of size is required. The most commonly used technique for achieving such fractionation is gel
electrophoresis. The rate at which DNA fragments move in such gels depends on their size; thus, the distances
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travelled decrease as the fragment lengths increase. The DNA fragments fractionated by gel electrophoresis can
be visualized directly by a staining procedure if the number of fragments included in the pattern is small.

- Synthetic oligonucleotides: the single-stranded DNA molecules having preferably from almost 10 to almost 50
bases, which can be synthesized chemically are referred to as synthetic oligonucleotides. In general, these syn-
thetic DNA molecules are designed to have a unique nucleotide sequence, although it is possible to synthesize
families of molecules having related sequences and which have different nucleotide compositions at specific posi-
tions within the nucleotide sequence. The term synthetic oligonucleotide will be used to refer to DNA molecules
having a unique nucleotide sequence. The term mixed synthetic oligonucleotides will be used to refer to families of
related synthetic oligonucleotides.

- Ligation: the enzymatic reaction catalyzed by the enzyme ligase in which two double-stranded DNA molecules are
covalently joined together is referred to as ligation. In general, both DNA strands are covalently joined together, but
it is also possible to prevent the ligation of one of the two strands, through chemical or enzymatic modification of
one of the ends. In that case the covalent joining will occur in only one of the two DNA strands.

- Adaptors: short double-stranded DNA molecules, with a limited number of base pairs, e.g. 10 to 30 base pairs long,
which are designed in such a way that they can be ligated to the ends of restriction fragments. Adaptors are com-
posed of two synthetic oligonucleotides which have nucleotide sequences which are in part complementary to each
other. When mixing the two synthetic oligonucleotides, they will form a double-stranded structure in solution under
appropriate conditions. One of the ends of the adaptor molecule is designed so that it can be ligated to the end of
a restriction fragment, the other end is designed so that it cannot be ligated.

- Polymerase Chain Reaction (PCR): the enzymatic reaction in which DNA fragments are synthesized from a sub-
strate DNA in vitro is referred to as PCR. The reaction involves the use of two synthetic oligonucleotides, which are
complementary to nucleotide sequences in DNA molecules which are separated by a short distance of a few hun-
dred to a few thousand base pairs, and the use of a thermostable DNA polymerase. The chain reaction consists for
example of a series of 10 to 30 cycles. In each cycle the substrate DNA is first denaturated at high temperature.
After cooling down the synthetic oligonucleotides which are present in vast excess will form double-stranded struc-
tures with the substrate DNA molecules in solution at specific sites on the substrate DNA molecule that have com-
plementary nucleotide sequences. The oligonucleotide-substrate DNA complexes will then serve as initiation sites
for the DNA synthesis reaction catalyzed by the DNA polymerase, resulting in the synthesis of a new DNA strand
complementary to the substrate DNA strand.

- DNA amplification: the term DNA amplification will be used to denote the synthesis of double-stranded DNA mole-
cules in vitro using Polymerase Chain Reaction (PCR). The products of the PCR reaction will be referred to as
amplified DNA fragments.

- Primers: in general, the term primer refers to a DNA strand which can prime the synthesis of DNA. DNA polymer-
ase cannot synthesize DNA de novo without primers: they can only extend an existing DNA strand in a reaction in
which the complementary strand is used as a template to direct the order of nucleotides to be assembled. We will
refer to the synthetic oligonucleotide molecules which are used in the PCR reaction as primers.

- Southern Hybridization Procedure: the purpose of the Southern hybridization procedure, also referred to as South-
ern blotting, is to transfer physically DNA fractionated by agarose gel electrophoresis onto a support such as nylon
membrane or nitrocellulose filter paper while retaining the relative positions of DNA fragments resulting from the
fractionation procedure. The methodology used to accomplish the transfer from agarose gel to the support is to
draw the DNA from the gel into the support by capillary action.

- Nucleic Acid Hybridization: Nucleic acid hybridization is used to detect related DNA sequences by hybridization of
single-stranded DNA on supports such as nylon membrane or nitrocellulose filter papers. Nucleic acid molecules
that have complementary base sequences will reform the double-stranded structure if mixed in solution under the
proper conditions. The double-stranded structure will be formed between two complementary single-stranded
nucleic acids even if one is immobilized on a support. In the Southern hybridization procedure, the latter situation
occurs.

- Hybridization Probe: to detect a particular DNA sequence in the Southern hybridization procedure, a labelled DNA
molecule or hybridization probe is reacted to the fractionated DNA bound to a support such as nylon membrane or
nitrocellulose filter paper. The areas on the filter that carry DNA sequences complementary to the labelled DNA
probe become labelled themselves as a consequence of the reannealing reaction. The areas of the filter that
exhibit such labelling can then be detected according to the type of label used. The hybridization probe is generally
produced by molecular cloning of a specific DNA sequence form the maize genome.

5.2. Description of the preferred embodiments

[0015] This invention relates more particularly to a process and means which enable the polymerase chain reaction
(PCR) be applicable to the detection of restriction fragment polymorphisms (RFPs) including length polymorphisms.
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This invention comprises methods for detecting RFPs, synthetic oligonucleotides for use in the methods of the inven-
tion, kits comprising means for detecting RFPs, and applications of the methods and procedures of the invention for
plant and animal breeding, diagnostics of genetically inherited diseases, identification of organisms, and forensic typ-
ing, etc...

[0016] Specifically, this invention provides means for the identification of either individual genomic restriction frag-
ments or of sets of genomic restriction fragments from any organism, microorganism, plant, animal or human, which
are either individually genetically linked to one or more particular traits or that collectively provide a fingerprint of the
genome that can be used to identify an organism, a variety or an individual.
[0017] The general method of the invention for production and for identification of restriction fragments involves the
use of restriction endonucleases, ligation of synthetic oligonucleotides to the restriction fragments, and PCR amplifica-
tion of restriction fragments (figure 1). Restriction endonucleases cleave genomic DNA molecules at specific sites, tar-
get sites, thereby generating restriction fragments.
[0018] PCR amplification of restriction fragments no matter whether one knows the nucleotidic sequence of the ends
of the restriction fragments or not, can be achieved according to the invention, by first ligating synthetic oligonucleotides
(adaptors) to the ends of restriction fragments, thus providing each restriction fragment with two common tags which
will serve as a anchor base for the primers used in PCR amplification.
[0019] Typically, restriction enzymes produce either flush ends, in which the terminal nucleotides of both strands are
base paired, or staggered ends in which one of the two strands protrudes to give a short single strand extension (figure
2). In the case of restriction fragments with flush ends, adaptors are used with one flush end. In the case of restriction
fragments with staggered ends adaptors are used which have a single stranded extension which is complementary to
the single stranded extension of the restriction fragment. Consequently, for each type of restriction fragment specific
adaptors are used, which differ only in one of the ends so as to allow the adaptor to be ligated to the restriction frag-
ment. Typically, the adaptors used are composed of two synthetic oligonucleotides which are in part complementary to
each other, and which are usually approximately 10 to 30 nucleotides long, preferably 12 to 22 nucleotides long and
which form double-stranded structures when mixed together in solution. Using the enzyme ligase the adaptors are
ligated to the mixture of restriction fragments. When using a large molar excess of adaptors over restriction fragments
one ensures that all restriction fragments will end up carrying adaptors at both ends. Restriction fragments prepared
with this method will be referred to as tagged restriction fragments and the method will be further referred to as restric-
tion fragment tagging.
[0020] The adaptors can now serve as templates for the primers having the characteristics hereabove defined, used
in the subsequent PCR amplification reaction. In a preferred embodiment of the invention, the restriction fragment car-
ries the same adaptor at both of its ends and a single PCR primer can be used to amplify the restriction fragment as
illustrated in figure 3. Since in such a case all restriction fragments are tagged in the same way, it is obvious that PCR
amplification of a mixture of tagged restriction fragments will amplify all restriction fragments in a synchronous fashion.
In another embodiment using two different restriction enzymes to cleave the DNA, two different adaptors are ligated to
the ends of the restriction fragments. In this case two different PCR primers can be used to amplify such restriction frag-
ments. In another preferred embodiment using two restriction enzymes the adaptor for one of the enzyme ends is bioti-
nylated. This allows one to select out of the complex mixture of restriction fragments those restriction fragments carry
at least one end for this restriction enzyme, using usual methods for isolating biotinylated molecules. This step reduces
the complexity of the starting mixture of restriction fragments and constitutes an enrichment step prior to the PCR
amplification, thereby reducing in certain instances the background. The simultaneous amplification of several different
fragments is often referred to as multiplex PCR. The principle of multiplex restriction fragment amplification is illustrated
in figure 4.
[0021] The present invention is further based on the definition of specifically designed primers and specific methods
to direct the PCR amplification reaction in such a way that a controlled amplification is possible and in a particular
embodiment of the invention, in such a way that only a small subset of tagged restriction fragments is amplified.
[0022] In general, restriction endonuclease digests of genomic DNA, and in particular of animal, plant or human
genomic DNA, yields very large numbers of restriction fragments. The number of restriction fragments depends upon
the size of the genome and of the frequency of occurrence of the target site of the restriction endonuclease in the
genome, which in turn is primarily determined by the number of nucleotides in the target site. The number of nucleotides
in the target sites of commonly used restriction endonucleases ranges from 4 to 8. The genome sizes of organisms vary
widely from a few million base pairs in the case of microorganisms to several billion base pairs for animals and plants.
Hence, the number of restriction fragments obtained after cleaving genomic DNA molecules with a restriction enzyme
can vary from a few hundred to several million. Generally, the number of restriction fragments is so large that it is not
possible to identify individual restriction fragments in genomic DNA digests fractionated by gel electrophoresis. Such
digests usually produce a smear of bands.
[0023] PCR amplification of tagged restriction fragments should thus also produce a smear of bands since all frag-
ments should coamplify synchronously in the PCR reaction. In a preferred embodiment of the invention applicable to
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genomic DNAs of large sizes, we have used a general principle to limit the number of restriction fragments which are
to be amplified. This is done by preselecting a subset of tagged restriction fragments so that only a relatively small
number of tagged restriction fragments will be amplified during the PCR amplification reaction.

[0024] The selective principle defined in this embodiment of the invention resides in the design of the oligonucleotides
which are used as primers for the PCR amplification, as is illustrated in figure 5.
[0025] Tagged restriction fragments have the following general structure: a variable DNA sequence (corresponding to
the restriction fragment before tagging), flanked on both sides by an inverted DNA sequence (constant sequence). The
inverted DNA sequence (constant DNA sequence) is composed of part of the target sequence of the restriction endo-
nuclease and of the sequence of the adaptor attached to both ends of the restriction fragment. The variable sequences
of the restriction fragments comprised between the constant DNA sequences are usually unknown, and will thus have
a random sequence composition. Consequently, the nucleotide sequences flanking the constant DNA sequence will be
totally random in a large mixture of restriction fragments.
[0026] The present invention therefore also provides specific PCR primers which comprise a constant nucleotide
sequence part and in the embodiment of the invention relying to the amplification of a restricted subset of the restriction
fragments obtained, a variable sequence part. In the constant sequence part the nucleotide sequence is designed so
that the primer will perfectly base pair with the constant DNA sequence of one of the DNA strands at the end of the
restriction fragment. The variable sequence part comprises a randomly chosen nucleotide sequence ranging from 1 to
10 bases chosen.
[0027] The expression "variable sequence" more exactly designates a sequence consisting of selected nucleotides
forming a sequence which will then remain constant for the purpose of amplifying a subset of restriction fragments. In
a particular embodiment of the invention, several sequences of selected bases can be used, in order to define several
distinguished primers. In such a case, primers can have the same constant sequence and variable sequences made of
selected bases which are different among the primers thus formed.
[0028] It is the addition of these variable (selected) sequences to the '3 end of the primers which will direct the prese-
lection of tagged restriction fragments which will be amplified in the PCR step: when the PCR reaction is performed
under appropriate conditions the primers will only initiate DNA synthesis on those tagged restriction fragments in which
the variable DNA sequence can perfectly base pair with the template strand of the tagged restriction fragment, as illus-
trated in figure 5.
[0029] The selection is determined by the number of nucleotides residing in the variable sequence part of the primer:
the selectivity of the primers increases with the number of nucleotides in the variable (selected) sequence part. We will
also use the term selective bases to denote the nucleotides in the variable sequence part thus showing that the selec-
tion of these bases renders the primer selective. It must be realized that a tagged restriction fragment will only be ampli-
fied when the selective bases of the primers used recognize both complementary sequences at the ends of the
fragment. When the primer matches with only one end, the amplification will be linear rather than exponential, and the
product will remain undetected.
[0030] It is possible to estimate beforehand the degree of selectivity obtained with variable sequences with different
numbers of selective bases, using the general formula 42n, where n equals the number of selective bases: using 1
selective base, 1 out of 16 tagged fragments will be amplified, using 2 selective bases, 1 out of 256, using 3 selective
bases, 1 out of 4.096, using 4 selective bases, 1 out of 65.536, and so on, will be amplified. One preferred embodiment
of the present invention thus allows one to selectively amplify a random subset of tagged restriction fragments from any
genomic DNA digest regardless of the number of fragments produced by the restriction enzyme used.
[0031] In a preferred embodiment, the number of selective nucleotides is chosen so that the number of restriction frag-
ments which will be amplified is limited to 5 to 200. Although this number can be calculated by dividing the number of
fragments by 42n, a precise prediction is not possible because not all restriction fragments can be amplified with equal
efficiency. Hence, in practice, one finds less fragments of the amplification than theoretically expected. It should also be
pointed out that mixtures of two (or more) primers can be used. This will allow the amplification of the fragments recog-
nized by each primer and in addition, the fragments recognized by the two primers. Finally, it should be pointed out that
the selection based on the base pairing between the selective nucleotides of the primer and the complementary tem-
plate is strongly influenced by the temperature chosen for the annealing step in the PCR reaction when this temperature
is below or too close to the melting temperature of the primer/template complex, primers will anneal the imperfectly
matching template sequences allowing a mismatch to occur in the complex. This should be avoided because it will lead
to the amplification of many more fragments then predicted, producing more variable results.
[0032] The PCR products obtained in accordance with the invention can be identified using standard fractionation
methods for separating DNA molecules according to size followed by staining of the DNA molecules with appropriate
agents. Alternatively, the primers used for the PCR amplification can be tagged with a suitable radio-acive labelled or
fluorescent chromophore thus allowing the identification of the reaction products after size fractionation. In a preferred
embodiment of the invention the PCR products are fractionated by gel electrophoresis using standard gel matrices such
as, but not limited to, agarose, polyacrylamide or mixed agarose/polyacrylamide. The PCR products obtained according
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to the invention will be denoted further by the term Amplified Restriction Fragments (ARF).

[0033] The means and method of the present invention can be used to generate sets of ARF from restriction digests
of any complex genome. The invention permits the number of restriction fragments obtained to be tuned in accordance
with the resolution of the gel fractionation system used to separate the ARFs. In one particular embodiment the selec-
tive primers are designed to produce 5 to 10 ARFs which are then separated by agarose gel electrophoresis. Another
particular embodiment involves the use of selective primers which are designed to produce 20 to 50 ARFs which are
then separated on a high resolution gel electrophoresis system such as, but not limited to, polyacrylamide gels or mixed
polyacrylamide-agarose gels.
[0034] In one preferred embodiment the restriction enzyme or enzymes are chosen to yield restriction fragments in
the size range of 20 to 1000 base pairs, because as is generally known for PCR amplification, this fragment size range
is amplified most effectively. Although much fragments can be fractionated on various standard gel matrices, best
results are obtained by fractionation on denaturating polyacrylamide gel systems as are currently used for DNA
sequencing.
[0035] In accordance with the invention, different sets of ARFs are obtained with each different selective primer in the
PCR amplification reaction. The patterns of ARFs identified after separation constitute unique and perfectly reproduci-
ble fingerprints of the genomic DNA. Such fingerprints can have several applications such as, but not limited to, forensic
typing, the diagnostic identification of organisms, and the identification of species, races, varieties or individuals. The
level of identification will be determined by the degree of similarity (the degree of variability) exhibited by different mem-
bers of a specific group. The variability or similarity is determined by the degree of variation in the nucleotide composi-
tion of the related genomes. The underlying principle of the invention is that in each Amplified Restriction fragment two
nucleotide sequences are detected which are separated from each other by a given distance, as is illustrated in figure
9. Each of the two nucleotide sequences is composed of two parts: (a) the target site for the restriction endonuclease
and (b) the nucleotide sequence adjacent to the target site which is included in the selective primer. In related organ-
isms, species, varieties, races or individuals these sequence elements and their relative distances will be conserved to
a greater or lesser degree. Hence, the fingerprints constitute a basis for determining the degree of sequence relation-
ships between genomes. On the other hand, differences in the ARF patterns can be used to distinguish genomes from
each other. The particular advantages of the present invention over other methods for fingerprinting genomes is the
high resolution that can be obtained with the method: several tens or even hundreds of ARFs can be compared simul-
taneously.
[0036] Another particular application of the present invention involves the screening and identification of restriction
fragment polymorphisms (RFP). Changes in the nucleotide composition of genomic DNA often result in polymorphisms
of restriction fragments: insertions or deletions affect the size of the restriction fragments containing them (figure 10),
nucleotide changes can result in the elimination of restriction endonuclease target sites or the creation of new restriction
endonuclease target sites (figure 11). The most commonly used techniques for identifying such changes are Southern
blotting experiments using cloned DNA probes, a technique usually referred to as restriction fragment length polymor-
phism (RFLP) detection. This technique involves the extensive screening of randomly cloned DNA fragments in South-
ern blotting experiments for associated RFLPs among different genomes. In accordance with the method of the present
invention, RFPs can be identified directly by comparing the ARFs obtained from different genomes. In principle, the
method of the present invention is more sensitive for detecting RFPs because not only differences in the target sites of
the restriction endonuclease are detected, but also differences in the adjacent nucleotide sequences comprised in the
selective PCR primers. Consequently, the method of the present invention constitutes a far superior method for detect-
ing RFLPs.
[0037] RFLP< are now currently used for several applications including forensic typing, monitoring of genetically
inherited diseases in humans and monitoring the inheritance of agronomic traits in plant and animal breeding. The
underlying principle is that certain DNA polymorphisms which are closely linked with specific genetic traits can be used
to monitor the presence or absence of specific genetic traits.
[0038] According to the method of the present invention, the analysis of ARF patterns can be used to define the
genetic linkage of polymorphic ARFs with specific genetic traits. Such polymorphic ARFs will be further referred to as
Amplified Fragment Length Polymorphisms (AFLP ) to distinguish them from RFLP type DNA polymorphisms detected
in Southern blotting experiments using cloned DNA probes.
[0039] One particular application of the present invention involves the detection of AFLP< linked to specific genetic
traits. The application involves the analysis of ARF patterns obtained with different selective primers in restriction
digests of genomic DNA of closely related individuals exhibiting differences in the specific genetic trait and the use of
analysis techniques that can find correlations between the inheritance of one or more AFLPs and the phenotype exhib-
ited by the specific genetic traits.
[0040] A second preferred embodiment of the present invention involves the use of the method of the invention to
identify one or more specific restriction fragments. One specific restriction fragment can be amplified from a complex
mixture of tagged restriction fragments by first determining the nucleotide sequence of the first 8-12 bases at each end

5

10

15

20

25

30

35

40

45

50

55



EP 0 969 102 A2

9

of the restriction fragment. Based on these sequences one can design two primers with each 5 to 10 selective nucle-
otides exhibiting a sequence complementary to that of the sequence flanking the restriction site of the complementary
strand of the restriction fragment. Using such sets of primers one can obtain, after PCR amplification, a single amplified
fragment. The restriction fragment used in this method can be either a cloned restriction fragment or an amplified
restriction fragment. Since not many restriction fragments cannot be amplified very efficiently, the preferred method of
the invention for identifying polymorphic DNA markers involves first amplifying randomly chosen set of fragments and
identifying AFLPs which yield strong bands after PCR amplification. These AFLP< can be characterized by sequencing
to develop restriction fragment specific primers. Typically, the AFLP< will be isolated by cutting out the corresponding
DNA band from the gel, and determining the nucleotide sequences at both ends to establish the sequence of the first
5 to 10 nucleotides adjacent to the restriction endonuclease target sites. Once these nucleotide sequences are known,
restriction fragment specific primers can be designed which will only amplify a single restriction fragment from a
genomic DNA digest. In this particular embodiment of the invention, one set of two different selective primers can be
used for detecting a specific restriction fragment. In each of the two selective primers of one set the selective bases are
chosen such that they are complementary to the nucleotide sequence adjacent to the restriction endonuclease target
site, as is illustrated in figure 8. The number of selective bases to be included in each primer depends upon the com-
plexity of the restriction endonuclease fragment mixture.

[0041] The PCR technique has developed tremendously over the past few years and is rapidly becoming one of the
most widely used diagnostic methods in human health care. Its application includes amongst others detection of infec-
tious diseases and detection of genetically inherited diseases. Each diagnostic test is based on the use of two specific
synthetic oligonucleotides which are used as primers in the PCR reaction to obtain one or more DNA fragments of spe-
cific lengths. In disease detection the test will detect the presence of as little as one DNA molecule per sample, giving
the characteristic DNA fragment. In the case of genetically inherited diseases the primers are designed such that their
products can discriminate between normal and disease alleles. The distinction either relies on sequence differences in
the DNA segment in the genome which is complementary to the primer or, on distance differences between the two
primers.
[0042] Because the primers exhibit an extremely high degree of specificity, it is possible to monitor different diseases
simultaneously, a method often referred to as multiplex PCR. The multiplex PCR method, however, suffers from the lim-
itation that generally only few, 5 to 8, different traits can be monitored simultaneously. The scientific basis for this limi-
tation is that the optimal conditions for PCR amplification (annealing temperature, Mg+ concentration, primer
concentration) vary considerably depending on the pair of primers used. In multiplex PCR compromise conditions have
to be established under which all primer pairs yield detectable products. In addition, superimposed upon this phenom-
enon there is the phenomenon of strong differences in the efficiency of amplification of different fragments. Conse-
quently, one often has encountered the problem that products of certain primer pairs are not detectable in multiplex
PCR reactions.
[0043] The methods of the present invention in essence overcomes these limitations of multiplex PCR, because all
the primers used in the present invention have a substantial part of their nucleotide sequence in common. Furthermore,
by selecting AFLP<, we select DNA markers that are amplified with equal efficiency. Hence, the optima of the PCR
amplification conditions for the different selective primers exhibit much less variation than is observed with commonly
used sequence specific primers. In essence, ideal compromise between the number of bases in the synthetic oligonu-
cleotide which are necessary to obtain the required specificity of detecting a single DNA fragment of a given size in a
complex genome, which is calculated above, and the length and composition of the oligonucleotide which is optimal for
efficient PCR amplification. The method of the invention thus provides a far superior method for multiplex PCR.
[0044] The present invention provides a general method for isolating DNA markers from any genome and for using
such DNA markers in all possible applications of DNA fingerprinting.
[0045] The following examples and figures provide an illustration of the invention which is nevertheless not limited to
these examples.

EXAMPLES

EXAMPLE 1: SELECTIVE RESTRICTION FRAGMENT AMPLIFICATION OF TOMATO DNA USING PSTI

A) Isolation and modification of the DNA

[0046] Total Tomato DNA (Lycopersicon esculentum c.v. Moneymaker) was isolated from young leaves as described
by Bernatzski and Tanksley (Theor. Appl. Genet. 72, 314-321). The typical yield was 50 - 100 µg DNA per gram of fresh
leaf material. The DNA was restricted with PstI (Pharmacia) and double-stranded (ds) PstI-adapters were ligated to the
restriction fragments following the procedure described below. These adapters had the following structure:
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[0047] The 3'TGCA-overhang in these adapters anneals to the staggered ends created by PstI. The PstI recognition
sequence CTGCAG is not restored upon ligation of this adapter, because the 5' C-residue is replaced by A. The ligation
reaction was designed in such a way that the end result is almost exclusively DNA fragment- to-adapter molecules. This
was achieved by: 1. using non-phosphorylated adapters, which excludes adapter- to-adapter ligation, 2. Performing the
ligation and restriction reaction at the same time. The latter procedure results in restriction of any fragment-to-fragment
ligation product, thereby eliminating these products almost completely. Adapter-to-fragment ligation products cannot be
restricted by the restriction enzyme, because the PstI recognition sequence is not restored in these products. The reac-
tion conditions used for the adapter ligation were:

2 µg Tomato DNA
0.2 µg adapters
20 units PstI
1 unit T4 DNA-ligase
10 mM Tris.HAc pH 7.5, 10 mM MgAc, 50 mM KAc,
2 mM dithiotreitol, 0.5 mM ATP

The ligation reaction was performed in a reaction volume of 20 µl for 3 hours at 37°C. After the adapter ligation, non-
ligated adapters were removed by selective precipitation. For this purpose the reaction mixture was increased to 100 µl
and NH4Ac was added to a final concentration of 2.5 M. 100 µl ethanol of -20°C was added and the mixture was incu-
bated for 5 minutes at room temperature. The DNA was collected by centrifugation for 10 minutes at 14000 rpm in a
cooled eppendorf centrifuge at 4°C. The DNA pellet was washed once with 0.5 ml of 70% ethanol at room temperature,
and dissolved in 40 µl of T0.1E (10 mM Tris.HCl pH 8.0, 0.1 mM EDTA). The DNA was stored at -20°C. The selective
precipitation procedure described here removes the non-ligated adapters efficiently from the reaction mixture, but small
DNA-fragments (≤ 200 bp) are also lost.

B) The amplification reaction

[0048] The DNA prepared above was used as template for amplification of the PstI-fragments. The reaction mixture
for the PCR contained:

1 ng template DNA
150 ng primer
1 unit Tag DNA polymerase (Perkin Elmer)
200 µM of all 4 dNTP's
10 mM Tris.HCl pH 8.5, 1.5 mM MgCl2, 50 mM KCl
H2O to a total volume of 50 µl

The reaction mixture was covered with 20 µl of light mineral oil to prevent evaporation during the amplification reaction.
The PCR was performed on a Perkin Elmer DNA Thermal Cycler using the following cycle profile: 1 minute at 94°C, 1
minute at 60°C, a temperature increase from 60°C to 72°C at a rate of 1°C/5 seconds, and 2‘ minute at 72°C. A total
of 33 cycles were performed. After the reaction 20 µl chloroform was added, and 10 µl of loading dye, in this case 50%
sucrose with 0.1% w/v of the dye Orange G (Merck). This was then mixed well with the reaction mixture and briefly cen-
trifuged to separate the organic fase (mineral oil and chloroform) from the reaction mixture supplemented with the load-
ing dye. 20 µl of this reaction mixture was analysed on a 1.0% agarose gel.

C) Amplification of Tomato DNA with primers of increasing selectivity

[0049] Tomato DNA restricted with PstI and tagged with the PstI- adapter was amplified using the conditions specified
above. Four different primers were selected with the sequences:
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Primer 1 is part of the the top strand of the adapter used to modify the DNA, and therefore should amplify all PstI-frag-
ments. Primer 2 contains part of the adapter sequence, the PstI-recognition sequence (lower case letters) and one
selective nucleotide (bold) and should amplify theoretically about 1/16 part of all PstI-fragments. Primers 3 and 4 are
similar to primer 2, but contain 2 and 3 selective nucleotides respectively, and therefore are expected to amplify about
1/256 and 1/4096 of the PstI-fragments. Part of the reaction mixtures were analysed on a 1.0 % agarose gel, which is
shown in Figure 11. Lanes 1 and 6 of this figure contain DNA markers, of which the sizes are indicated at the left. Lanes
2, 3, 4 and 5 contain the PCR's obtained with primers 1, 2, 3 and 4 respectively. The results indicate that only in case
of the primer with 3 selective nucleotides, the number of amplified fragments was such that a clear band pattern was
obtained. The other 3 primers gave band patterns, which could not be resolved on agarose gels, because to many PCR
products were generated. Within these many PCR products always some fragments predominate, and are seen as
bands on a background smear of the other PCR products. Probably these stronger products are present in higher copy
numbers on the Tomato genome, or amplify more efficient than the other products. It was anticipated that primers with
3 selective nucleotides had to be used to generate a clear band pattern on agarose gels, because of the total number
of PstI-fragments of Tomato genomic DNA (20.000 to 100.000).

D) Analysis of amplified fragments on Southern blots

[0050] The amplified fragments were tested on Southern blots to verify that these fragments corresponded to bon-
afide restriction fragments of the same size. For this purpose four individual fragments obtained with primer 4, were cut
out of the agarose gel. The DNA was purified from these gel slices by means of absorption to glass beads (Gene Clean,
manufacturer Bio 101), and part of the purified DNA was reamplified to obtain about 1 µg of each of the four DNA frag-
ments. The reamplification reactions were subsequently electrophoresed on a 1.0% preparative agarose gel, and the
desired DNA fragments were purified. 200 ng of each fragment was labeled with (α-32P)dATP using a random hexamer
labelling kit according to procedures advised by the manufacturer (Boehringer Mannheim). Total Tomato DNA was
restricted with PstI, and electrophoresed on a 1.0% agarose gel. Four clearly separated lanes each containing about 3
µg of restricted DNA were used. Next, the agarose gel was blotted to a Genescreen+ hybridisation membrane as indi-
cated by the manufacturer (New England Nuclear). After blotting the gel was cut in four slices, each containing one lane
of the Tomato DNA restricted with PstI. These four slices were each hybridised to one of the four DNA probes following
the procedure described by Klein-Lankhorst et al. (Theor. Apll. Genet. 81, 661-667). The hybridised blots were autora-
diographed for 40 hours using Kodak XAR5 films. The results obtained showed that all genomic DNA fragments recog-
nised by the four DNA probes, had the same length as these probes. This demonstrated that the amplified fragments,
used as probes, originated from the fragments detected on the blots.

E) Selective amplification of a single restriction fragment

[0051] Three sets of primers were designed for 3 corresponding random PstI-fragments from Tomato genomic DNA,
of which the sequence next to the PstI-recognition sequence was known. Sets of primers with 5 selective nucleotides
were made as shown below.
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[0052] Tomato DNA was digested with PstI and adapters were ligated to the ends of the restriction fragments as
described above. This DNA was used as template in PCR's with Primer sets 1 or 2 or 3, using the conditions as
described in one of the previous sections. The reaction products of each PCR were analysed on a 1.0% agarose gel.
This gel is shown in Figure 12. Figure 12 shows 13 lanes, of which lanes 1, 2, 12 and 13 are DNA markers. The sizes
in kilobases of these markers are indicated at both sides of the gel. Lanes 3, 6 and 9 show plasmid DNA with each of
the three PstI-fragments restricted with PstI, which yields the vector fragment, pUC18 (Yanisch-Perron et al., Gene 33,
103-119), and the inserted PstI-fragment. Lanes 4 and 5 show amplification with primer set 1 of 5 fg of the correspond-
ing plasmid DNA and 1 ng of total genomic DNA respectively. Lanes 7 and 8 show amplification with primer set 2 of
plasmid DNA and total genomic DNA, and lanes 10 and 11 show amplification with primer set 3. These results demon-
strate that it is possible to amplify a single PstI-fragments out of a mixture of at least 20.000 fragments using the selec-
tive restriction fragment amplification technique with primers having 5 selective nucleotides.

F) Identification of DNA polymorphisms using SRFA

[0053] In the previous sections it was clearly demonstrated that with the selective restriction fragment amplification
technique it is possible to amplify restriction fragments, either at random, or specific fragments, when sequence infor-
mation is available. Hence, it should be possible to search for restriction site polymorphisms between two individuals of
the same species. This is described below for two Tomato lines, which are very related but differ in the presence of the
root knot nematode resistance gene, Mi, in one of the lines. This Mi-gene originates from Lycopersicon peruvianum, a
species distantly related to the edible Tomato L.esculentum. It has been introduced into the L.esculentum line by cross-
ing, and subsequent back crossing 12 times to the L.esculentum parent, and selecting the offspring for presence of the
Mi-gene. Therefore, the two Tomato lines differ only in a small portion of their genetic material, i.e. the Mi-gene and sur-
rounding region. The Mi-region was calculated to constitute < 1% of the genome of this line, using classical genetic
methods.
[0054] DNA was isolated from the two Tomato lines (line 83M-71392, Mi-sensitive, and line 83M-71398, Mi-resistant,
obtained from De Ruiter Seeds, Bleiswijk, The Netherlands) and subsequently restricted with PstI and provided with
adapters as described above. A large number of amplification reactions were performed using primers, which differed
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in their extension of selective nucleotides. Three selective nucleotides were used, and apart form single primers also
combinations of two different primers were used. The reactions were analysed on mixed polyacrylamide/agarose gels:
2.5% polyacrylamide and 1.0% agarose was used, with a ratio acrylamide to bisacrylamide of 20 : 1. Gels were run on
a Protean II gel unit (Biorad), using spacers of 1.5 mm. A total of 16 different primers was used giving 16 reactions with
a single primer, and 120 reactions with all possible combinations of two primers. A typical example of a gel with six of
these combinations is shown in Figure 13. Lanes 1 and14 of this gel contain DNA markers, of which the sizes in kilo-
bases are indicated at the right side of the gel. Lanes 2 and 3, 4 and 5, 6 and 7 etc contain amplifications with a specific
primer or primer pair of the two Tomato lines. The screening for restriction site polymorphisms yielded a number a frag-
ments, three of which were very prominent and which are depicted in lanes 9, 11 and 12 of figure 13 (indicated by a
small circle). The polymorphic bands in lanes 9 and 11 were expected to be the same, because the same primer was
present in both reactions (the difference is the presence of a second primer in lane 11). The two polymorphic fragments
of lanes 11 and 12 were cut out of the gel, the gel slices were crushed by forcing them through a 18 gauge needle and
the DNA was eluted from the gel slices by elution through diffusion in 200 µl of 100 mM Tris.HCl pH 8.0, 10 mM EDTA.
2 µl was used for reamplification of these fragments as described above. 200 ng of each fragment was made blunt end
using T4 DNA polymerase and subsequently ligated to 100 ng of plasmid vector pUC18 (Yanisch-Perron et al., Gene
33, 103-119) restricted with SmaI. The ligation mixture was transformed to E.coli and for each fragment one recom-
binant E.coli clone was selected for sequence analysis. All these manipulations were performed using standard proce-
dures as described by Sambrook, Fritsch and Maniatis in: Molecular Cloning, A Laboratory Manual (Cold Spring Harbor
Laboratory Press, New York).

[0055] Two sets of primers with 6 selective nucleotides were synthesised based on the sequences of the two frag-
ments as described above. We were able to amplify each fragment specifically using these primer sets. Fragments were
only amplified from the Tomato line, from which they originated. Hence, these primer sets exhibited the same polymor-
phism, initially found with the primers with 3 selective nucleotides used to find this polymorphism.

EXAMPLE 2: SELECTIVE RESTRICTION FRAGMENT AMPLIFICATION OF TOMATO DNA WITH TWO RESTRIC-
TION ENZYMES

[0056] In example 1 the principle of selective restriction fragment amplification (SRDA) is exemplified using Tomato
DNA and the restriction enzyme PstI. In this example SRFA using two different restriction enzymes, PstI and MseI, will
be illustrated.

Isolation and modification of the DNA

[0057] Total Tomato DNA was isolated from young leaves as described in example 1. Two pairs of so called isogenic
lines were used as source of the DNA, named GemR and GemS, and GCR26 and GCR151 respectively (These lines
are described in the following references: Denby and Williams, [1962], Can. J. Plant Sci. 42, 681-685, Smith and
Ritchie, [1983], Plant Mol. Biol. Rep. 1, 41-45). The two individuals of each pair of isogenic lines are genetically very
similar, but differ in the presence of a trait confering resistance to the fungal pathogen Verticillium albo-atratum.
[0058] The first step of the modification of the DNAs comprised the restriction of the DNAs with the two enzymes PstI
and MseI. The restriction of the DNA, and also the subsequent ligation of the adapters to the DNA-fragments was car-
ried out in the same buffer, which was named RL-buffer (restriction-ligation buffer), and which contained: 10 mM
Tris.HAc/10 mM MgAc/50 mM KAc/5 mM DTT, pH 7.5.

Restriction of the DNAs with PstI and MseI

[0059]

2.5 µg DNA
12.5 units PstI (Pharmacia, 10 units/µl)
12.5 units MseI (N.E. Biolabs, 4 units/µl)
5 µl 10 x RL-buffer
H2O to 50 µl

Incubation was carried out at 37°C for 1 hr.

[0060] The next step in the modification of the DNAs was the ligation of adapter molecules to the ends of the DNA
fragments. First appropiate double-stranded adapter molecules had to be prepared.
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Preparation of adapters

[0061]

[0062] For preparation of a solution of 50 pMoles/µl of this adapter 8 µg (1430 pMoles) of the 16-mer 5-GACGAT-
GAGTCCTGAG-3 was mixed with 7 µg (1430 pMoles) of the 14-mer 5-TACTCAGGACTCAT-3 in a total volume of 28.6
µl of H2O.

[0063] For preparation of a solution of 5 pMoles/µl of this adapter 5.25 µg (715 pMoles) of the biotinylated 21-mer 5-
bio-CTCGTAGACTGCGTACATGCA-3 was mixed with 3.5 µg (715 pMoles) of the 14-mer 5-TGTACGCAGTCTAC-3 in
a total volume of 143 µl of H2O.

Ligation of the adapter molecules

[0064] To the restricted DNA a mix of 10 µl was added containing:

1 µl PstI bio-adapter (= 5 pMol)
1 µl MseI adapter (= 50 pMol)
1.2 µl 10 mM ATP
1 µl 10 x RL-buffer
1 µnit T4 DNA ligase (Pharmacia, 5 units/µl)
H2O to 10 µl

[0065] The resulting reaction mix of 60 µl was incubated for 3 hours at 37°C.
[0066] The adapters were designed in such a way that the restriction sites were not restored after ligation. In this way
fragment-to-fragment ligation was prevented, since fragment concatamers are restricted, because the restriction
enzymes were still active during the ligation reaction. Adapter-to-adapter ligation was not possible because the adapt-
ers were not phosphorylated (see also example 1).

Selection of biotinylated DNA-fragments

[0067] Preparation of the template-DNAs for SRFA using two restriction enzymes generally involved an extra step not
used when using SRFA with a single enzyme. In this step the DNA-fragments to which a biotinylated adapter was
ligated were separated from all other fragments.
[0068] Biotinylated fragments were separated from non-biotinylated fragments (MseI-MseI-fragments) in this step, by
binding to paramagnetic streptavidine beads (Dynal). 10 µl beads were washed once in 100 µl STEX (100 mM NaCl/
10 mM Tris.HCl/1 mM EDTA/ 0.1 % Triton X-100 pH 8.0), and resuspended in 140 µl STEX. The beads were subse-
quently added to the ligation mixture, to give a final volume of 200 µl. This was incubated for 30 minutes with gentle
agitation at room temperature, to ensure proper binding of the biotinylated DNA-fragments to the beads. The beads
were collected by holding the tubes containing the beads close to a magnet. This prevented the beads from being pipet-
ted when the supernatant was transferred to another tube. The beads were washed once, and subsequently transferred
to a fresh tube. Then the beads were washed 3 times with 200 µl STEX. Finally the beads were resuspended in 200 µl
T01.E (10 mM Tris/0.1 mM EDTA, pH 8.0), and transferred to a fresh tube. The DNA was kept a 4°C.
[0069] The DNAs restricted with the restriction enzymes, provided with adapters, attached to the paramagnetic
streptavidine beads and purified from the MseI-MseI fragments prepared as described above will be referred to as tem-
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plate-DNAs in the following steps.

Amplification of PstI-MseI fragments

[0070] The template-DNAs prepared as decribed above should contain all PstI-MseI fragments from the mentioned
Tomato lines, and in addition a small amount of PstI-PstI-fragments with no internal MseI-fragments. In this experiment
a number of these PstI-MseI fragments were visualised by amplification, essentially as described in example 1. Gel
analyses of the amplification products was performed on denaturing acrylamide gels (Maxam and Gilbert, Proc. Natl.
Acad. Sci. U.S.A. 74, 560-564), because the kind of fragments obtained by the procedure described in this example
were much smaller than the ones described in example 1. In addition these types of gels allowed the separation of up
to 100 bands per lane, which was about ten times more than the agarose gels described in example 1. The fragments
were visualised by labeling one of the PCR-primers at the 5'end with (τ-32P)ATP and polynucleotide kinase.

Labeling of the PCR-primer

[0071] The primer selected for labeling was the 19-mer 5-GATGAGTCCTGAGTAAgaa-3 which was named MseI-
primer-1, and in which the selective nucleotides are indicated with lower case letters. The labeling was performed in the
following way:

3.0 µl 18-mer (from solution of 50 ng/µl = 150 ng)
5.0 µl (τ-32P)-ATP (from solution of 10 µCi/µl = 50 µCi)
3.0 µl 250 mM Tris.HCl/100 mM MgCl2/50 mM DTT, pH 7.5
0.5 µl T4-kinase (Pharmacia 10 units/µl)
18.5 µl H2O

[0072] This gave a total volume of 30 µl, which was incubated at 37°C for 30 minutes. For each PCR 1 µl of this
5'labeled primer was added.
[0073] A total of 28 PCRs were performed, in which each of the 4 template-DNAs were amplified with 7 primer com-
binations. Each primer combination had the same MseI-primer (MseI-primer-1, described above), but varied in the
choice of the PstI-primer. A total of 7 different primers were chosen (As with the MseI-primer the selective nucleotides
are indicated with lower case letters):

PstI-primer-1: 5-GACTGCGTACATGCAGga-3
PstI-primer-2: 5-GACTGCGTACATGCAGgt-3
PstI-primer-3: 5-GACTGCGTACATGCAGgg-3
PstI-primer-4: 5-GACTGCGTACATGCAGag-3
PstI-primer-5: 5-GACTGCGTACATGCAGat-3
PstI-primer-6: 5-GACTGCGTACATGCAGct-3
PstI-primer-7: 5-GACTGCGTACATGCAGta-3

[0074] All PCR-primers were dissolved in H2O at a concentration of 50 ng/µl.

The amplification reaction

[0075] The PCR-mixture consisted of:

2.0 µl of template-DNA
1.0 µl of 5'labeled MseI-primer (5 ng)
0.5 µl unlabeled MseI-primer (25 ng)
0.6 µl PstI-primer (30 ng)
2.0 µl of 100 mM Tris.HCl/15 mM MgCl2/500 mM KCl, pH 8.5
0.8 µl of 5 mM dNTPs
0.1 µl of Taq polymerase (Cetus Perkin Elmer, 5 units/µl)
13.0 µl of H2O

[0076] All components of the reaction were added and mixed well, an essential component of the PCR, generally the
enzyme, was added last. Subsequently the reaction was started as soon as possible.
[0077] The amplifications were performed on a Perkin Elmer 9600 thermal cycler. The cycle profile was as follows:
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Gel analysis of amplified fragments

[0078] The reaction products were analyzed on 4.5% denaturing polyacrylamide gels. 50 x 38 cm gels were used, of
which the gel cassettes to prepare these gels were purchased from Biorad. 100 ml of gel solution was used containing
4.5% w/v acrylamide/0.225% w/v bisacrylamide/7.5 M Urea/50 mM Tris/50 mM Boric acid/1 mM EDTA, pH 8.3. 100 ml
gel solution was mixed with 500 µl 10% Ammonium persulfate and 100 µl TEMED immediately before casting the gel.
A Tris/Boric acid/EDTA-buffer was used as electrophoresis buffer and contained: 100 mM Tris/100 mM Boric acid/2 mM
EDTA, pH 8.3. The reaction mixtures were mixed with an equal volume (20 µl) of 98% formamide/10 mM EDTA/0.01%
w/v bromo phenol blue/0.01% w/v xylene cyanol. The resulting mixtures were heated for 3 minutes at 95°C, and then
quickly cooled on ice. 2 µl of each sample was loaded on the gel. Gels were run at constant power of 110 Watts to give
a constant heat development during electrophoresis. Under these conditions the field strength of the gels corresponded
to 40 to 50 Volt/cm.
[0079] The results of the SRFA reactions are shown in figure 14. The lanes are numbered from 1 to 28, and contain
each tine the four Tomato lines with one of the 7 primer combinations. The order of the Tomato lines on the gel is: 1.
GCR26, 2. GCR151, 3. GemR, 4. GemS. Lanes 1 to 4 contain these DNAs amplified with MseI-primer-1 and PstI-
primer-1, lanes 5 to 8 contain these DNAs amplified with MseI-primer-1 and PstI-primer-2, lanes 9 to 12 contain these
DNAs amplified with MseI-primer-1 and PstI-primer-3, lanes 13 to 16 contain these DNAs amplified with MseI-primer-
1 and PstI-primer-4, lanes 17 to 20 contain these DNAS amplified with MseI-primer-1 and PstI-primer-5, lanes 21 to 24
contain these DNAs amplified with MseI-primer-1 and PstI-primer-6, and lanes 25 to 28 contain these DNAs amplified
with MseI-primer-1 and PstI-primer-7. The gel contains no size markers but the DNA fragments visualised correspond
with ± 200 nucleotides at the bottom of the Figure to ± 500 nucleotides at the top.

EXAMPLE 3: SELECTIVE RESTRICTION FRAGMENT AMPLIFICATION OF DNA OF VARIOUS LACTUCA SPE-
CIES WITH TWO RESTRICTION ENZYMES

[0080] In example 2 the principle of selective restriction fragment (SRFA) amplification using two restriction enzymes
is exemplified for Tomato DNA. In this example we will illustrate that similar results are obtained using DNAs of various
Lactuca species using the same two restriction enzymes PstI and MseI.

Isolation and modification of the DNA

[0081] DNAs were isolated as described in example 1 using young leaf material of various Lactuca species. As indi-
cated below these plants include a commercial lettuce (L.sativa) variety, and several individuals of two wild Lactuca spe-
cies, L.saligna and L.virosa. The plants were arbitrarily designated the following names:

1. L.saligna, nr. 21, plant 1
2. L.saligna, nr. 21, plant 2
3. L.saligna, nr. 22, plant 1

1 cycle: denaturation: 30 sec at 94°C

annealing: 30 sec at 65°C

extension: 60 sec at 72°C

11 cycles: denaturation: 30 sec at 94°C

lower annealingtemperature 0.7°C each cycle,

64.3°C, 63.6°C, 62.9°C, 62.2°C, 61.5°C, 60.8°C, 60.1°C, 59.4°C, 58.7°C, 58.0°C, 57.3°C. Incubate for
30 seconds at each temperature.

extension: 60 sec at 72°C

23 cycles: denaturation: 30 sec at 94°C

annealing: 30 sec at 56°C

extension: 60 sec at 72°C
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4. L.saligna, nr. 22, plant 2

5. L.virosa, nr. 01, plant 1
6. L.virosa, nr. 01, plant 2
7. L.virosa, nr. 02,
8. L.virosa, nr. 03, plant 1
9. L.virosa, nr. 03, plant 2
10. L.sativa, a commercial butterhead variety

[0082] The genetic material analysed thus represented 6 different plant types, including two different individuals of 4
of these plants.
[0083] Modification of the Lactuca DNAs to generate the templates for the SRFA was performed identical to the pro-
cedure described in example 2.

Amplification of PstI-MseI fragments

[0084] The DNAs prepared as decribed above were used as templates for SRFA reactions. Two primer combinations
were used employing a single MseI-primer and two different PstI-primers. These primers (selective nucleotides
depicted in lower case letters) were:

MseI-primer: 5-GATGAGTCCTGAGTAAaca-3
PstI-primer-1: 5-GACTGCGTACATGCAGaa-3
PstI-primer-2: 5-GACTGCGTACATGCAGca-3

[0085] Amplification of PstI-MseI fragments using the primers depicted above was carried out exactly as described in
example 2, and the generated fragments were visualised on denaturing polyacrylamide gels as described in example
2. The band patterns obtained are shown in Figure 15. Lanes 1 to 10 show DNAs 1 to 10 amplified with the MseI-primer
in combination with PstI-primer-1, lanes 11 to 20 show DNAs 1 to 10 amplified with the MseI-primer in combination with
the PstI-primer 2. Size markers (not visible in this Figure) in nucleotides are indicated to the right of the gel. The differ-
ences in band patterns reflects the differences in relatedness of the various plants.

EXAMPLE 4: SELECTIVE RESTRICTION FRAGMENT AMPLIFICATION OF CORN INBRED LIMES WITH A VARI-
ETY OF RESTRICTION ENZYME COMBINATIONS

[0086] In example 2 and 3 the principle of selective restriction fragment (SRFA) amplification using two restriction
enzymes is exemplified using Tomato DNA and Lettuce (Lactuca species) DNAs respectively. In this example it will be
illustrated that similar results are obtained with Corn (Zea mais) lines. In addition it will be illustrated that a variety of
restriction enzyme combinations can be used to obtain DNA fingerprints of in this case Corn lines.

Isolation and modification of the DNA

[0087] Two corn inbred lines were used, named 1 and 2. The source of these lines is irrelevant, because in our expe-
rience any selected line gave good DNA fingerprints using SRFA. DNA of these lines was isolated from young leaf
material as described by Saghai-Mahoof et al. (1984), Proc. Natl. Acad. Sci. U.S.A. 81, 8014-8018). The following
restriction enzyme combinations (EKs) were used to make the template-DNAs: PstI/TagI, EcoRI/TaqI, AseI/TaqI,
Sse8387-I/TaqI. All enzymes were purchased from Pharmacia, except AseI which was purchased from New England
Biolabs, and Sse8387-I which was purchased from Amersham. Template DNAs were prepared essentially as described
in examples 2 and 3, with the following exceptions:
[0088] Restriction of the DNA was performed by first incubating with TaqI at 65°C for one hour, and subsequently incu-
bating with the second enzyme, PstI, AseI, EcoRI or Sse8387-I, for an additional hour at 37°C. Ligation of adapters was
as described in example 2 using the following adapters:
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Amplification of restriction fragments

[0089] Amplification of restriction fragments was performed as described in example 2. The primers selected for labe-
ling of the amplification products were the following TaqI-primers having 3 selective nucleotides (indicated by lower case
letters):

[0090] These 4 primers were used for detection of amplification products with all four enzym combinations. For each
enzym combination 4 primers for the other enzyme were selected to give a total of 16 combinations for each enzyme.
These primers are indicated below (selective nucleotides shown in lower case letters). For EcoRI and AseI primers with
3 selective nucleotides were selected, for PstI primers with 2 selective nucleotides were chosen, and for SseI primers
with a single selected nucleotide were chosen. For enzymes cutting less frequently in the Corn genomic DNA, primers
were selected containing extensions with fewer selective nucleotides.

TaqI-primers (5'labeled) 1. 5-TGAGTCCTGACCGAacc-3

2. 5-TGAGTCCTGACCGAaca-3

3. 5-TGAGTCCTGACCGAcaa-3

4. 5-TGAGTCCTGACCGAcaa-3

EcoRI-primers: 1. 5-CTGCGTTACCAATTCcaa-3

2. 5-CTGCGTTACCAATTCaca-3

3. 5-CTGCGTTACCAATTCaac-3

4. 5-CTGCGTTACCAATTCcag-3

AseI-primers: 1. 5-GACTGCGTACCTAATaac-3

2. 5-GACTGCGTACCTAATaag-3

3. 5-GACTGCGTACCTAATacc-3

4. 5-GACTGCGTACCTAATgaa-3
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[0091] A total of 128 PCRs were performed (2 DNAs x 4 enzyme combinations x 16 primer combinations), following
the protocol described in example 2. The reaction products of these PCRs were analysed on 3 gels (containing 48
lanes/gel) as described in example 2. All primer combination gave DNA fingerprints of 50 to 100 bands per lane, except
for the combination SseI/TaqI, which gave only 10 to 15 bands per lane. An example of one of the gels is shown in Fig-
ure 16. This Figure shows part of the gel with the analysis of DNA fingerprints obtained with the enzyme combinations
PstI/TaqI and EcoRI/TaqI. Lanes 1 to 8 show DNA-fingerprints of the two Corn DNAs obtained by SRFA with TaqI-
primer-3 and PstI-primers-1 , -2, -3 and -4 respectively, lanes 9 to 16 show DNA-fingerprints of the two Corn DNAs
obtained by SRFA with TaqI-primer-4 and PstI-primers-1 , -2, -3 and -4 respectively, lane 17 shows the size marker
lambda-DNA restricted with PstI, of which the sizes of some of the fragments in nucleotides are indicated at the right,
and lanes 18 to 25 show DNA-fingerprints of the two Corn DNAs obtained by SRFA with TaqI-primer-1 and EcoRI-prim-
ers-1 , -2, -3 and -4 respectively.

EXAMPLE 5: SELECTIVE RESTRICTION FRAGMENT OF BACTERIAL DNAs

[0092] In example 2, 3 and 4 the principle of selective restriction fragment (SRFA) amplification using two restriction
enzymes is exemplified for Tomato, Lettuce (Lactuca species) and Corn DNAs respectively. In this example it will be
illustrated that this technique can also be used to characterise bacterial DNAs. A number of Xanthomonas campestris
strains were obtained from the Laboratory of Micobiology in Gent, Belgium, to illustrate the usability of the technique in
bacteria.

Isolation and modification of the DNA

[0093] All DNAs were prepared from Xanthomonas campestris strains isolated from a variety of origins, mostly from
infected plants. These strains, numbered 1 to 26 are listed below, and may be obtained from the Laboratory of Microbi-
ology in Ghent, Belgium.

PstI-primers: 1. 5-GACTGCGTACATGCAGac-3

2. 5-GACTGCGTACATGCAGaa-3

3. 5-GACTGCGTACATGCAGca-3

4. 5-GACTGCGTACATGCAGcc-3

Sse8387-I-primers: 1. 5-GACTGCGTACATGCAGGa-3

2. 5-GACTGCGTACATGCAGGg-3

3. 5-GACTGCGTACATGCAGGc-3

4. 5-GACTGCGTACATGCAGGt-3

DNA subspecies pathovar isolate

1. albilineans 494

2. fragariae 708

3. oryzae oryzae 5047

4. oryzae populi 5743

5. maltophilia 958

6. campestris campestris 568

7. campestris alfalfae 497

8. campestris coracanae 686

9. campestris citri 8655

10. campestris citri 9658

(continued)
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[0094] DNA of these bacterial strains was isolated as described by Marmur (J. Mol. Biol. 3, 208-218). The DNAs were
restricted essentially as described in example 4, with the exception that TaqI and ApaI were chosen as restriction
enzymes. Ligation of adapters was as described in example 4 using the following adapters:

Amplification of restriction fragments

[0095] Amplification of restriction fragments was performed as described in example 2. The primers selected for
SRFA were the TaqI-primer 5-CGATGAGTCCTGACCGAg-3 (having one selective nucleotide indicated in lower case
letter), and the ApaI-primer 5-GACTGCGTACAGGCCCg-3 (having one selective nucleotide indicated in lower case let-
ter). The ApaI-primer was labeled at the 5'end for detection of the amplified fragments as described in example 2.
[0096] Each of the 26 DNAs was amplified using the primer set described above. Amplification conditions were as
described in example 2, except that the last 9 cycles of the PCR were omitted, because of the lower complexity of the
DNAs compared to the plant DNA in examples 2, 3 and 4.
[0097] The DNA fingerprints obtained with the bacterial DNAs as described in this example are shown in Figure 17.
Lanes 1 to 26 represent bacterial DNAs 1 to 26. The sizes of marker DNAs (not visible on the gel) in nucleotides are
indicated to the right of the gel. This figures shows clearly that the relatedness of the bacterial strains is reflected by the
similarity of the band patterns.

11. campestris citri 9181

12. campestris citri 8657

13. campestris citri 8654

14. campestris citri 8650

15. campestris citri 682

16. campestris citri 681

17. campestris citri 9325

18. campestris citri 9321

19. campestris citri 9176

20. campestris citri 9671

21. campestris citri 9665

22. campestris citri 9182

23. campestris citri 568

24. campestris citri 9167

25. campestris citri 9175

26. campestris citri 9160

(continued)

DNA subspecies pathovar isolate
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EXAMPLE 6: SELECTIVE RESTRICTION FRAGMENT AMPLIFICATIONS OF DNA OF VARIOUS ANIMALS WITH
TWO RESTRICTION ENZYMES

[0098] In the previous examples selective restriction fragment amplification (SRFA) was exemplified for plant DNA of
various sources. Here we illustrate the efficacy of the procedure using random samples of DNA obtained from different
domestic animals. The animal species tested are : Gallus domesticus (chicken); Susscrofa domestica L. (pig); Bos tau-
rus (cow); Equus caballus (horse). Restriction enzymes used are Sse8387I and MseI.

Isolation and modification of the DNA

[0099] DNAs were isolated from bloodsamples following procedures described by Maniatis et al.,(1982). DNA sam-
ples 1 to 3 (chicken), 4 to 7 (pig), 8 to 11 (cow) and 12 to 15 (horse) were digested by restriction enzymes Sse8387I
and MseI. The DNA fragments were ligated to adapters as described in example 2. Since the restriction enzymes
Sse8387I and PstI generate compatible 3' overhangs we could use the PstI- and MseI-adapter described in example 2.

Amplification of restriction fragments

[0100] Template DNAs named above and prepared as described in example 2 served as templates in SRFA reac-
tions. The primer combinations used consisted of a single MseI-primer and different SseI-primers:

MseI-primer: 5-GATGAGTCCTGAGTAAtac-3
Sse8387I-primer-1 : 5-GACTGCGTACATGCAGGaa-3
Sse8387I-primer-2 : 5-GACTGCGTACATGCAGGag-3

[0101] Amplification of Sse8387I-MseI fragments using primer pairs described above was carried out using the pro-
tocol described in example 2. Reaction products were run on denaturing polyacrylamide gels also described in example
2. An autoradiograph showing fingerprints of the above samples is shown in Figure 18. Lanes 1 through 15 show fin-
gerprints of DNAs 1 to 15 amplified with the MseI-primer paired with Sse8387I-primer-1, lanes 16 through 30 show sim-
ilar patterns obtained with the MseI-primer combined with Sse8387I-primer-2. Differences in fingerprints between
animals of one species reflect heterogeneity in animal populations; overall-patterns are characteristic for a specific spe-
cies.
[0102] In a particular embodiment the invention relates to a process for the controlled amplification of at least one part
of a starting DNA which contains a plurality of restriction sites for a determined specific restriction endonuclease, and
of which at least part of its nucleic acid sequence is unknown, which process comprises :

(a) digesting said starting DNA with said specific restriction endonuclease to fragment it into the corresponding
series of restriction fragments which respectively comprise 5' ends and 3' ends;
(b) unless the 5' and 3' adaptors defined hereafter were already in separate forms, also digesting with said specific
endonuclease, a determined double-stranded oligonucleotide linker including itself a single site within its own
nucleotidic sequence for said specific endonuclease to thereby cleave said linker in such 5' and 3' adaptors respec-
tively;
(c) ligating the restriction fragments obtained from the starting DNA at their 5' and 3' ends with said 3' and 5' adap-
tors respectively to thereby produce tagged restriction fragments of the starting DNA, which fragments then com-
prise at their respective 5' and 3' ends tags whose nucleotide sequences then comprise those of the 3' and 5'
adaptors including the nucleotides involved in the specific restriction site;
(d) unless, where appropriate to provide suitable templates for primers, said 5' and 3' adaptors were prior to the pre-
ceding ligation prolonged by adding thereto oligonucleotide segments of determined constant sequences at their
respective 5' and 3' ends, prolonging, where appropriate for the same purpose, the corresponding ends of said
tagged restriction fragments with said oligonucleotide segments, whereby tagged restriction fragments elongated
at both ends with said constant sequences are obtained;
(e) contacting said tagged or, when appropriate, elongated restriction fragments under hybridizing conditions with
two oligonucleotide primers;
(f) wherein said primers include sequences having the same nucleotide sequence as the terminal parts of the
strands of the 5' and 3' ends of said tagged or, when appropriate, elongated restriction fragments, which are them-
selves complementary to the strands acting as templates for said primers, said primers respectively including the
nucleotides complementary to those involved in the formation of the site for said determined specific restriction
endonuclease in the template strand;
(g) amplifying said elongated restriction fragments hybridized with said primers by PCR or similar techniques in the
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presence of the required nucleotides and polymerase to cause further elongation of the hybridized primers along
those restriction fragments of the starting DNA to which said primers initially hybridized on their entire length, and

(h) identifying or recovering said last mentionned restriction fragments.

[0103] In a particular embodiment of this process, the terminal nucleotide of at least one of said primers in the direc-
tion of the elongation sought corresponds to the last of the nucleotides involved in the restriction site for said specific
endonuclease, and which process comprises identifying or recovering the restriction fragments of said starting DNA
which have been amplified.
[0104] In another particular embodiment of this process, at least one of said primers includes a selected sequence
comprising a determined number (one or several nucleotides) extending beyond the last of the nucleotides involved in
the restriction site for said specific endonuclease in the direction of its own elongation within the corresponding restric-
tion fragments during the amplification step.
[0105] In a specific embodiment of the above-described process, double-stranded DNA-linker contains several sites
for different specific endonucleases which are all distinct from one another, which processes comprise repeating, on a
same starting DNA the steps of the process defined above with one of these restriction endonucleases yet with another
of said distinct specific endonucleases and upon using primers whose nucleotide sequences are selected as defined in
the above description, yet with respect to said other specific endonuclease.
[0106] The process described above or of the oligonucleotide of the invention, is appropriate, for the identification of
polymorphisms in determined DNAs originating from the same live species, e.g. genomic DNAs of a microbial, plant or
animal, including humans, or of fragments thereof, either among themselves or relative to a corresponding determined
DNA standard, which use comprises subjecting the DNAs under study to the process or to the contact of the oligonu-
cleotide in conditions allowing an amplification or elongation reaction, comparing the restriction patterns obtained start-
ing from each of said DNAs and, optionally, of said standard DNA and relating the existence and, where appropriate,
the localization of that DNA polymorphism to the differences observed between the sizes of the restriction fragments of
the different DNAs.
[0107] The invention also relates to a fragmented DNA whose different fragments have sequences which all corre-
spond to initial digests of the unfragmented starting DNA from which they are produced with a same determined spe-
cific endonuclease, characterized in that all of said fragments were tagged at their 5' and 3' ends respectively by
determined 3' and 5' adaptors corresponding to the cleaved part of a same starting DNA linker which initially included
a single restriction site for said specific endonuclease, and optionally prolonged with determined constant sequences.
The fragmented DNA can be in the form of a pattern of migration bands on a suitable support, e.g. gel support, in which
its fragments had initially been caused to migrate under the influence of an electric field.
[0108] The fragmented DNA can also comprise end portions including oligonucleotide characterized by the following
composition, starting from the 5' end :

(i) a nucleotide sequence (constant sequence) of at least 10 bases, but not longer than 30 bases, complementary
to a determined DNA sequence used as adaptor, immediately followed by:
(ii) a nucleotide sequence complementary to the target site of a specific restriction endonuclease used in step (a),
in so far as that nucleotide sequence or part of it, is not comprised in (ii), immediately followed by:
(iii) a nucleotide sequence of at least one nucleotide, but shorter than 10 nucleotides, selected, e.g which is 1 to 5
nucleotides long.

[0109] The invention further relates to a kit for the fragmentation of determined DNAs by at least one specific restric-
tion endonuclease into fragments and analysis of these fragments which comprises:

- the specific restriction endonuclease;
- a double-stranded DNA oligonucleotide linker including itself a single site within its own nucleotidic sequence for

said specific endonuclease to thereby cleave said linker in corresponding 5' and 3' adaptors respectively, wherein
said double-stranded DNA linker had a sufficient size to provide 5' and 3' parts which may subsequently provide
templates for the PCR primers of this kit;

- PCR primers which respectively comprise, on the one hand the same sequences as the strands of the 5' and 3'
adaptors complementary to the strands subsequently acting as templates for said primers wherein said primers fur-
ther include the nucleotides complementary to those which are involved in the formation of the site for said deter-
mined specific restriction endonuclease in the template strands;

- if appropriate, oligonucleotide segments of determined (constant) sequences for generating sites of sufficient
length for hybridization with said primers, for the elongation of the 5' ends of said 5' adaptors or the 3' ends of said
3' adaptors or both, prior to digestion of said linker by said specific restriction endonuclease to produce said 5' and
3' adaptors respectively, or alternatively for the elongation of the tagged fragments obtained subsequent to the liga-
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tion of said 5' and 3' adaptors to the extremities of the fragments of the starting DNA;

- optionally a fragmented DNA standard corresponding to the determined DNA subject to a fragmentation study,
whereby the fragments of said DNA standard were obtained by digesting it with said specific endonuclease.

[0110] A particular embodiment of this kit is such that said oligonucleotide segments for the elongation of both said
5' and 3' adaptors or 5' and 3' ends of the tagged DNA fragments, have identical nucleotide sequences.
[0111] In another embodiment, the linker of the kit contains several respective unique sites for specific endonucleases
all different from one another, said kit further including primers corresponding to each of the 3' and 5' adaptors formed
by cleavage of said linker with said different specific endonucleases respectively, wherein said primers are respectively
as defined in claim 8, in respect of the 3' and 5' adaptors which are produced in said linker by cleavage thereof by each
of said specific endonucleases.
[0112] Also in a particular embodiment the kit can comprise fragmented DNA standards as defined above in respect
of the corresponding specific restriction endonucleases, wherein each of said fragmented DNA standards is in respect
of each of the determined specific restriction enzymes.

Claims

1. An oligonucleotide primer which is capable of base pairing to a nucleotide sequence comprising an adaptor
sequence and part of the target sequence of a restriction endonuclease, and immediately adjacent to the 3' end of
the target sequence, 1 to 10 selected nucleotide(s).

2. An oligonucleotide comprising nucleotides involved in the formation of an adaptor sequence and of part of a target
sequence of a restriction endonuclease, and immediately adjacent to the 3' end of the target sequence, 1 to 10
selected nucleotide(s).

3. An oligonucleotide according to claim 1 or 2 comprising 10 to 50 nucleotides, wherein the target sequence of the
restriction endonuclease comprises 4 to 8 nucleotides.

4. An oligonucleotide according to one of claims 1 to 3, wherein the constant sequence comprises from 10 to 30
nucleotides.

5. An oligonucleotide according to anyone of claims 1 to 4, which comprises 1, 2 or 3 selected nucleotide(s).

6. An oligonucleotide according to anyone of claims 1 to 5, which is labeled.

7. Use of a double-stranded synthetic oligonucleotide called "adaptor" for ligation to restriction fragments thus gener-
ating "tagged restriction fragments" for subsequent amplification of a subset of the obtained tagged restriction frag-
ments, wherein the adaptor has nucleotide sequences in part complementary to each other, one of the ends of
adaptor being designed so that it can be ligated to one or both ends of the restriction fragment.

8. Use of a double-stranded synthetic oligonucleotide adaptor according to claim 7 wherein the adaptor is designed
in such a way that the restriction site of the restriction fragment is not restored after litigation.

9. Use of a double-stranded synthetic oligonucleotide (adaptor) according to claim 7 or 8.

10. A kit for the amplification of at least one restriction fragment from starting DNAs after digestion with one or more
specific restriction endonucleases which comprises:

- the specific restriction endonuclease or endonucleases;
- at least one double-stranded synthetic oligonucleotide (adaptor) having one end which is compatible to be

ligated to one or both of the ends of the restriction fragments to thereby produce tagged restriction fragments
of the starting DNA;

- an oligonucleotide primer according to anyone of claims 1 to 6.

11. A kit according to claim 10 which further contains DNA polymerase, especially Taq polymerase and/or dNTP's,
and/or buffer solutions.

12. Diagnostic kit according to claim 10 or 11, for genetic analysis, e.g., for the forensic typing in humans.
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13. Kit according to claims 10 or 11, for genetic analysis e.g., for detecting the inheritance of determined traits in ani-
mals or of traits in plants.

14. A set of amplified restriction fragments obtainable by a process comprising:

(a) digesting a starting DNA with at least one restriction endonuclease, to fragment it into restriction fragments;
(b) ligating the restriction fragments obtain with at least one double-stranded synthetic oligonucleotide adaptor
having one end which is compatible to be ligated to one or both of the ends of the restriction fragments to
thereby produce tagged restriction fragments;
(c) contacted said tagged restriction fragments under hybridizing conditions with at least one oligonucleotide
primer;
wherein said primer or primers include a nucleotide sequence base pairing to part of the target sequence of
the restriction endonuclease present in the tagged restriction fragments and base pairing to part of the adaptor
sequence and wherein at least one of said primers includes at its 3' end, a selected sequence comprising at
least one nucleotide located immediately adjacent to the nucleotides involved in the formation of said target
sequence,
(d) amplifying said tagged restriction fragments hybridized with said primer or primers in the presence of the
required nucleotides and DNA polymerase or elongating the hybridized primers along those tagged restriction
fragments, and
(e) identifying or recovering amplified or elongated DNA fragments as produced in step (d).

15. A set of amplified restriction fragments according to claim 14, which are present on a gel, a membrane or a film.
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